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Abstract: 

Provided is an apparatus of cooling a substrate including a cooling plate on which a 
substrate is loaded, a cooling temperature regulator that controls the temperature of the cooling 
plate to a predetermined temperature, a temperature controlling unit that controls the 
temperature of the cooling temperature regulator based on a transmission function, a 
temperature sensor attached to the cooling plate, and a control parameter altering unit for 
altering at least one of a proportion operating coefficient, an integral time, and a differential 
time among control parameters of the transmission function based on the temperature of the 
cooling plate that is detected by the temperature sensor after a substrate to be cooled is loaded 
on the cooling plate. Irrespective of the temperature of the substrate sensed when the 
substrate is loaded on the cooling plate, transient response is improved, recovery time is 
shortened, and offset is suppressed. Thus, precise temperature control is enabled. 



i 



SDH §15^2001-0051755 



(19) CH&Sl^oliKKR) 
(12) g^^5igS(A) 



(51) Int. CI 
H01L 21/02 



(11) SJHSS ^2001-0051755 
(43) gimi} 2001t306a25^ 



(21) 

(22) s a axf 



10-2000-0068318 

2oooanai7» 



oo) ^aa^s 

(71) 

(72) iSIl 



(74) CHEI2J 



328795 1999^ 111! 18^ ^g(JP) 

S3 l^ES 4^filA|- SPIAI QI^S 

-S-S-^ -EES- DIU£?--OiaKAPI_5;£0ll 3B.K.6H 

2^£IS 

as^?oh2sa3i¥xi2^i¥fim»ii^aia655BJ»safflai!ss3*^si 
Aim 

a»^?wssa3i^«a3i^aaj»ii^ei2B55B»sa«i«is»3^Ai« 

AhLH 

aa^. s?i& 



Pl&a a2|XH£IShfe 3X1011 2J0UH. 3IB0I feOIXIfe ^| a^BS £§°l SE£ SSelfe 

a^SESSX-lia. y^gESSX-IISJ SEi SBS^OII CG£UH flIOIolfe SSEBICH^Ba, a 

z*B0| ¥*fB a^CH^OI £|te 2IBS aztSOII SJCH feg ^21 SE^IA-IOII 21 

mM a^Bsi seoii ?i2Sioi. &oi ass4»2i mwmeioiagsi mais3pii4*. ^saib se 

D|SAIBg2| SjOlE CHE 5|L|2| ^§§ £3§|fe HI 01 III £10 1 EH ^i^BI ?b|8|2 SICK a^B 
0)1 ^Oli ffllSI 3>IB£E2| 01 SI- Oil ^BStOI, nUESISOl DHdSIIl. SEWXI a^S OH 2| £191 

bH£l EtSi 4> 21E01. EB §&SXH2H/sll^(of fset)] SOI 2j»|£|CH, SCI §SE:?|- MS 

LfllCHB «S 4- SICK 



ass 

£4 

e is 

£ 2fe 
E 3g 
E 45= 
E 5fer 
E 6S 
E 7S 
E 8S 
E 9fe 
E 10S 
E 11S 
E 12fe 
E 13S 
E 14fe 
E 15fe 



B & h §2| ^AlgEHOII CD-S WIOIUSXI » S93XI* ?HI& E£S!&x-|£|§x|2| SSEOICf. 
E 12| E5g&XH£|§X|2| §SE0|C|. 
E 12| ESa^XH£l§X|2| HHBEOICh 

B &S2| ^AlgEHOII US WI0IUSXI2I LHV ; ?52J BSE0IC1. 
E 42| ffl|OIU§X|2| HI CM 31 S UBLHfe S^dEOICf. 
& »S2| ^AIIEHOII US SHSXI2I LH^^52| 3BE0ICI. 
E 62| 893X121 X1IOI3IIS UEHJIh §^<SE0|C|. 

iiaesi sE^gi uEiuife nenHoia. 
a=tB2i SE^ai ueilm- neHsoia. 

S ^S2| ^B^SISI tiAIOIIOII 9iO\M, £l?1tH£l E1@J2| UQUIte HOICK 

E 1121 SOII 3IS»0t 3«» £I?IW£| E1S2I UEUHfe 35HHOICI. 

s ttesi 3haaa2i uaioiioii sioiah. EtH *?MU2i h S§ uemite hoick 

E 1321 S0|| UISSIOI 3£SB 2tH4fM^2| SjgS UEH4lfe USHHOICI. 

s aasi ?isxH£i2i MAi oil on sioiah. shoihsj ssm 3o°i uaufc som. 
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£ 16g, £ 1521 ROW J\^8[0\ %\0\W2\ M^<M 3o°\ m&m UEUHfe ZlclHHOICK 

£ 17B, B &SS| ^fBSBISI 6! Al Oil Oil &IOUH, ^BSSI 3oI UEHJIte HOICK 

£ 18S, £ 17HJ H01I Bismol 2^»2| I2i 3a°J ^f£JM UEWIfe 32HH0ICK 

£ 19fe, B U|2t»£|S| HI 1 ftlAIOIIOII SAW A), £l3itHd| E^°l UEUHfe HOICK 

£ b ^ssi aztaasi n 2 aiaioiioii sicha-k a^wai &gjsi ^se uehh^ hoio. 

£ 21B, SIOIIH 2=3|££0)| CIS EIBSSE g £BAI2K»2I &H\m U&LHfe HOICK 
£ 22fe, g£HH| UEfLHte 3 EH HOICK 

£ 23g, gEU£| a^HSI ^£^^M UEH-Hfe 3EH HOICK 

— <E.B2| . i?.Q..».B.OI|. OfiLftSfiL .<*&>.._ 

1 : ESetfflBISa 2 : ^A||E±EII0|fl 

3 : X|£|£EII0ia 4 : e!E|IBI0|>^ 

5 : d[M\^ XWX\Q\ 7, 50 : fllOIBI ttdSI 

8 : 13 : ^£§X| 

15, 17 : aiXI^MSHSxl 16, 18 : &&X-)£l§Xl 

30 , 40 , 43 : SSSxl 31 : OIHSISSxl 

32 : HaEJKSSXI 33, 42 : Si^gjflgfl 

41 : ej£B!« ■ m%&X\ 

34 , 35 , 36 , 37 , 44 , 45 , 46 , 47 : WIOISSxl 

51 : ^S^S&Xl 60 : ^BB 

61 : 6IEH 62, 103 : SEHIOl^e 

63, 105 : PI0HIOII»aDIEI S34*B 

64, 104 : £££0AH 65, 102 : SSfllOI¥ 
66, 83 : a^ae! 67, 79 : DH&S 
68 : HIE^^oi 69 : ^?IS 

70 , 71, 72 . 80 , 81. 82 , 84 , 85 , 86 . 87, 110 : &E! 

75, 106 : tliaifi± H£h» 76, 107 : 3^24: H**» 

77, 108 : OlSS^i Bfch» 78, 109 : 

90 : 91 : ^g^S 

92 : H^A|0|E|£! 100 : tf2[B 

101 : ^ E| Oil ^ XI- 111 : 

C : 5HAllM^EilOI£ G,, G 2 , Q 8> G 4 , G 5 : 

w ; mm 

B ^SS, 0il§ §2 LCD 3IB0IU fflESI SHOIffl ?|&8 S>1§ SEfe Softer SxHa^S W 

a » £19x1 oil aet aom. 

ttEtt PWOI^SI HI2530II 0IIS S3 ySfll?IIOIffl(OloK r 3IO|HHj £12 ») 53 3I»2| 

HS0II CH8I0I, SSa^HSHHISHOI SI610IXII2 SHQ. 01 SSa^neHHISSS, 9II0|IH°| 2S0II 91 

xi^eoHg Eae ^oi| -a.§o| j^gg tgsi2, n *oii saaawfe gja°i xhei^i ^aisq. 

oi a & esb^xh a oil sichai. oi^jii- aixi^sEsxna, t»*ia. a^aa^oiife. neon nisi 
?iioiffl°i jjaaai^ a stoma. 3 9-011 . 2S9eh:>i a 3101ms ou= se a^spi whm yzts 
si 3i jii^ohah asioisa. 

7hfl»BI^ SShWIIfe 7^B»BI9XIB. 6la?^ LJ3S ?HS§ ^3Q3 HO. 3£I2, ^lOllHfe, 3hS 
&CHI S01», 5li5f2£?E|°| gOII °|6H ^gtia@Q. 01 ^S&Ollfc. SE^yA^3^ ^a}£|0i SI 01. 
3hS»2| S£S SUBS* 4» SIE^ £101 SiCf. SE^AHSV92| ilsfe SI 01 S XI Oil gJ^EIH, 01 
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HIOISxIS, iOAIS^a £<M£|CH ES itlM£l$.m 3ISS, 8IEH2I SEI HICHSIE^ SJCH SID. 
a^XH£Ph S8101XIS l=t!2txH£l§XIS. I!EIOII(Peltier)i:Xi:H LHSS a^BS 31X13 SID. 31SxH 

£1^21 3S2j shoieis, yamoii feofxm. aaiesi agon 2ishah y^xnasD. oi a^e-oiiE s 

E£UAH31 ¥«1EI01 810). 4P| 31Hej» 012PIXIS, SE£!AHS¥EH2| <MSOII 3>|3l8IOI HICH&XP1 U 
E|0||4:X|2| SEi XII0I8IE4 SICH SIP-. 

01 31 AH, 91101 EHS SE£ ^SxH£|g WSJ 31g&2| SE2| £ 22011 UDfciiD. E 222| 

USHHOII S101AH, 31S^g :»«AI2Hs(*)]. HIS2?S 31SS2| SE[t;]0ID. E 22g2| 3aiE<2 k 

s u&a nisi aroi . 9jioin-pi ?ta&oii *oixie, 01 sioimoii °jsh mgs£S¥Ei agra wkoi- s 

E3I X181SD(E 22g2| AI2h,~t 2 ). SEdlAHOII 2|6H SEXH31S gJ^lff HIOISxIS. 81 El Oil CHS S 

aia« #:>iAi3i ?\<Mx^^.\m ai^sd. oi mi, si eh chi 21s nmo\ s^si ssioixpi on soil ?mm 

°l SE3I EtH^MSH tHSD(£ 22g2| AI2} t 2 ~t 3 ). 3 SE£!AHS EtH4rS« gJ^iS HIOISxl 

s ,_si eon . as _a a^Ais _?is »?[ ££» J »aisjo(_e 22g°i ai 2> t^tj-^ oi i8 
msm »xh ^hsesj se;h ^s^oi so. e, hioTsxioiis, ufais^. sise^o msa^jfJi' 

□IS PIDHIOPI JHgEIOI, SxIS ^ 34:A|3t j»£4£S ?Htilt 4= 5JE^ 901 Sid. 

asoii.'^aaas noma one eoi 231c am ra^i a^eai SEesi2i &ehs e 23011 

DOtHD. 01 E 2321 331H0II Slot AH, tfSUIZHs], HlS^iS «2|E12| SEfClOID. E 

23g°1 32HHd IS UEItfl 0121 ^01, ^#21 SEb, 911 01 01 5 8SCH &D\ SOUS 23°CS CIPISm 

sid. n em, 3S2i 9noinpi a^&oii ^oixia, 01 9iioiihs¥eh a^te^on stfoi ^chxi a^e 

21 SE^I tfd&CKE 23g2| Ala t,~t 2 ). 3 SEtHAHOH 2|6H SE^l S^S HIOISxPI W 
EI0II4:XM)1I CHS S^gfs g^AIS a^XHeiS AI^SD. 01 ttH, I! El Oil £ XIOH °IS U^OI 3381 IS 
8101XPI GHSOH, y|2|e2| 8Efe, 23'CSDE SCH^SoH WSD(E 23g2| AlZh t 2 ~t 3 ). 3 S 
ESIAHS SCH^Sg ojai^ ^lOISXIfe, ^EIOH^XIOH S38|fe S^ifS g, v ^A|31 a^&2| SEi ^ 

6aisjo(s 23g°i Aia t 3 ~t 4 ). oi^a- as Dimm a^esi ses 23-cjixi e*SAiz!CK oi 

g^OHE, HI 01 S xl Oil PIO MO\Di XHSEJ01, ^E^^S JH^g 4= SiE^ E)01 aid. 

nesQi. aixi^EEsxHei^oii, aixi^E§2i aixi^Eg fl |o| j\mmi\m a, ±9\ 

neibl|OI3(PREBAKE)OI|AHfe, OIIS IS 23"C(^S)2| 9H0IIL1S 200t;S ^SxHeism. ESxHei^OH S 
SlOIXIfe S^M • 5!j^SXI • miOI3(PEB)0HAHfe, 23°C2| fllOlfflg 90X:S. ^gxHEISHM. S4 h xH£l ^0|| 
IBSIOiXIfe S^MBH0|3(P0STBAKE)0||AHfe. 23'C2| 9H0IHS 300'CS ^SxHeiSO. 



3EHU SBHOIIfe, 0IS3II 2|g 5|gxHeiO||AH2| 5|gSE^I C1S01IE I?8f2, XIIOISxIS S^EIfc PID 

xiioioiiAHfe. Hioinhemiag2i biais^TO^. =!»Aia ^ oi«Aizf2s ej^ei^ amaioiEioii chshah 

fe, §i@ 3101 A1SEI3 SiStCI. 

oi nHson, ois m%m se? 9hoiihm ^^xnei^ coioiife, usi exiife a°o, 3 SE£ife 

SES 9II0IIHS 3hHfleitt (DIOHfe, SlWSXIfe g CHStt S!01, ffxPI ^01X13 JHE^^ 

S etfitftOt. 3hBB2| £|31bHei QS. «J ^§2| SE§ £f§£l?IWX|2| AlZfOI SOIXt W£!CK 01 QH 

sou. xneisg2i xi sim sais ^sad\ sisto. 

ES, OHS SCH SS PEBeiE aiAIEIOII djeiAH 5^gSE3^ S^?l SlEffl, 01 GHOIIE ei?1Wei EfgJOl 

aoi^ ?ei^ sistci. 

□I&^XIS aatxHeiOII SI 01 AH E, §ai2| JHOISxIS S^EIfe PID XIICHOIIAHfe, HI 01 Hi Ei 01 EH S g^EI 
S ztSCHIOIEH^, 8IU2I IBISES 3SSI01 Sl^l EH SOU, 01S a§9 SES 5|gxH£IS 9IIOIfflg 23 
°C£ a2txHei» OH OIIS, ^81 SHIS SIXIS, 3 mmm SE»S OS SEHIXI JUS 9IIOIIH5h yai 

son feoixie, hioisxis b digs 4= sen. a^S2i emwei asoi schxiah, xneim§2i xmm 
saisa. 

S iSS 0ISHS i§ ^215101 01^012! 3 ^^!S, ^IgxHeiU y|2txHeiO|| SICHAH, £131 WEI 

EISS S^SIS Ell Oil SICK 



4Pi m^m sejsioi, s as 21 hi 1 s§on 2131a. s as 21 ^igxneisxis, ?isoi soixis o\ 
m&m. 01 3igss og ses ji&j[ ! s& mmmst, agxii2i ses aB&^on co£i hichsi 

S SEHI014*B31, SB»^2| HI01 ni£10IEH2| g§I Cfg SEOIQ S3 SIS HI 01 H1£ldl 

s as 21 hi 2 sgoii 2iois. s as2i 3iaxH£isxis, ^isoi soixis uigsnn. eg ^igss 
ses 7im^m asHia. asxii2i se§ DS21 sdh^i (ds udlus ass^oii co 

£|A1 HI 01 61 S SEHICH4=SI31, &^l aaH^2| XII CH IIfD0IE|g2| til ai§ ^13114=, SISAI2I ES QIS 
AlZhgSI ^!01£ CHE 81U2I S§§ ^SSIS HI 01 E1£IOIEIfflS4=Se ^01813 SID. 

u = K P { e + (1/T,) • I e dt + To • de/dt } (1) 

SC. A|S. uS SZfg, eS SxK^SSESI 3^aS(&^SE)212| xl], KpS HiaiSS1JII4«(Hiai51l 
21), T,S SjSAI^. T D S DISAI^S 2|2| ODkSO. 

s as 2i hi 3 ssoii 2i8is, s as2i 3iss yi^xH£i8is sxis. 3iboi feoixis aaiea, & 
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D\ a^B§ ^§HJ 5§5|fe a2|S£5§fl|^, ^3>l a^SESSaiSI g£M aSB4>0ll QJBJ- 

AH XilOiSfe SEHIW^BjIK £>^l a^BOil SEE#!AH2h a^CH&OI }|B« #31 ^^l&Oil 

aw ^£^iahoii hjohah g§9 aztssi e^oii ^isskm. bbb^si xhich 

oiEia essfe jjiounaoia eg^ss =pui»a aa. 

B BBSI HI 4 &S0il °I6^, B »g£| 3IBB a^xHdl 8^ SMtlte. 2IB0I feOIXIte a^BHh & 

J\ ^§2] ^31 a^8££3*il2J Qm (2) 

uEfuife sbb^oii o&a/H mcnafe gtmoi^enK &01 a^Boii et^Ana, a^tai 

#01 Site 31 BS £p| aztBOII SOi ~2\ £D\ 8££!!AH0II 2JSHAH SiS a=*B2l S£«| 3|£ 

mo), bbb^si hi cm maoiEigsi uiaissmi^. sibaib £b oisaibssi ^che oi^ sm 

SI ^§1 SSofb XHICH nf-S-hDI EH B34*BS ^blSKD SICK 

u' = K P ' { e # + (1/TY ) ■ I e' dt + T D ' • de' /dt } (2) 

-EE- A| u'- -fe- ^g- f -e- ~te-B xK[=Ha£2f .2*6! 5.(MS£)2I1 KpL fe -bl.3j|S^ai^_(b|5IL 
JIB). T,' te 3BAIB, T 0 ' fc= DIBAIBM *W UEJUCJ. 

S HI 5 BSOil 2|3fB. S g*S2) 2IBS a^xHaSfe £>0| ?|Bg &d\ a^tBOil a 

oi &?im mm. oi j\mn\ sishah a^Boi eEdtdstoi ma esoii lofai ms\ dm ma 
seoh Bismol, ass^si not manias! b^s^ §§i ^xia 

B HI 6 BSOII SJoFB, B gJSSi IMBS a^xHdlofe ^SB, 31 B§ a^BOII SO] ^te S 

§31, 6P|-tfztB2| S£S CfM°J BJI*{ (2)£ UEHJIte SBB^OII Cf^AH HI0)6H1, 3IBS ±3°J 

aztnaotb ssnf, #31 pibs &wi a^BMi aoi msi. oi jiboii sjohah a 
zmoi SE^astoi hi a ^EEOii bks nisi shs ma beoii ^isskm, &:>i sbb^si xhich ma 

□IB SSI biaie^3tl4*. 3BAIB SEte DIBAIBesi 3CHE CH^ SH4SI £36fe g§§ IUXI 

a sta. 

u' = K P ' { e' + (1/T,' ) * f e' dt + TV ■ de' /dt } (2) 

se ^e, u- t e' ^ aai^fiSEa s^^im(^^e£)2f£i xn, k p - ^ uiais^i^(uiai 
b ^aaaiSMoii sishH, -Ba^eoii hishah, sed^oii aB»^a xhich aeioiasi ^ 

§1 BS8PI DISOIL ^£X-ilCH^BS f 2|^^^S£01I CHS8K)I ^^81 SlOitt 4* DBfAl, ^1 

Be ?tflsiaitt raa ^soii ^Baoi, ^£^^01 :h^sich, ei tH bi ei^m b^s 4- siD. ses. 
e£Hioi°i bssoi e^hmoi, z>ibs b^o\d\\ Dmmo\ &u\&mgm ^^api^ 301 ^^onacf. 
ch^ e^^icH^eoii ^^fi^u u\m&±mx\ i\u\m pio hichm xHgth s^oii^, s^bxKshhim) 
u ^^aeoi 2! hi a oi, behiois sa- 4= 210. 

B a^xHS.ISx|Oil £|6hS, a^CD^OI £1^ 3IBS a^BWI fe^ B£^!AH0il 2J6H AH 

2^9 a^tBSI ^£0il ^I^SKX. HIO) »£HJIH2| ^§1 B3tt ^ 2i^l (IH^Oil, ^IB£| « 

^irnxi ssoiaas. »^ xhich n^oieimoiiAH 11^2^ a2t» ^ 55m. aj ei/h. 

#BHMQ£ dl^bidlEISM B^sfe 3S0I ^SfflSO. SEB a^CH^OI ^IBS a^BOil SOi 

8 *2| eSdiAHDII °]6HAH a^BHI SSOil D\^mO\, HIO] EfdFOIEHe^ blSie^^l^, ^^A| 

B SE^ DI^AIBgSI ^CH£ CHi=z 6^U2J ^§1 BS6f01 PIDHICHS ^Alof^ ^ XHICH 

maoiEifii esoi smoia ^shioi^b^, a^SEsaaisi hioiv 4- acj. 

b *gsi a^xHdi^aoiiAH^ aesi 4^ sacf. 00 ■ is ^aaaa ^iboi a^Boii ^ 

01XIB, 01 ^IB^S^EI a^BOII ggOl ^CHX1 ^BCh a ^, a^BOl SE^SKM HI 

aesoii sfsa. oi^iah oibi mow eisH, nia a^xnaasi ^iB^isEasi ^^i» s 

AI-6H a^BOII ^xl& ^£^|AH MCHI °JoHAH H|3SE0{| ^ISSKS. 01 5IBS?ISE« Oil 

4^ sia. »aA), a^Boii ^oi^m hhsj ^ib^ssi otmoii ^Baoi, a^tBsi si^h 
s hiwb 4^ sm. a aa, ^ib^isseoii ^bsioi, ^^^^oi ^H^sjoi, di^ntflai Efgjg b*b 

eb b a a as oil sisha, aBB^oii ^gs^u di^q^^xim c-m j\o\m pid xhichm 

xHgBH^/H, §^BxK2HHIM) §01 ^XilSJOl, fid §^£^1- S£XH|CHM SB 4^ HO. 
[BBSI RAISED] 

0I6K B &S2| UWSIS ^AI^EHOil CHSfOi aSBD. £ 18, a ^§21 ^AI^EHOII CLf^ ^s»a 

sxisAisj mioiusxi iy a^xHasas/dsi bssxpi- s^jsjch eehb^xh bisxkdsi s^e 

Oia, £2^, ESB^WSISXI (1)2| SBEOICM. £ 3S, esb^xhsisxkdsi hhheoiq. 

£SB^xHdl§xl(1)fe, £ 1011 UEW Ufa BOI . 0H> MCH 25QH3 9II0IIH (W)M ^UHI^B?!^ 21 ¥011 
AH £5B£fxH£ISxl(1)OII CHSKX BS2JAI5I^Lh 9hA||M(C)0ll CHoKM ^lOIHH (W)« B«HAI3I^U Si- 
te 5>UHIM^:E||0|£(2)Ilh £S^^xHdlS§gOII ^§°1 xHdIM ^Aimte ^§xH£l&xlM P- 
bHxIS^OI OI^CHXIte xH£|^Eil0l<y(3)^, 01 xH £1^9101^ (3) Oil eJS6h01 **xl£!CH Site icSS 
xl(£AimXI &g)2[2J Ah 01 Oil AH $HO|HH(W)£J t2^§§ SS^te B EH ffll 01^(4) B ^XHI^ S^B 
M ^a £iCK 

3fAHIM^Eil0l£(2)0ife, XHxI^^f £jte ^^1^ XHx|QI(5)^2J ^§°| ?jx|Oil, ^^2J 3UHI^(C)M 
X»»(£ 1S2| 6T»BB)0I| XHxl »«BE* 30i JJIQ. 3£|2, 0| ^/dlMbHB»»(Xa»)a 

3\M\m(C)0\\ 9l|0|ffl(W)S| 9II0|IHUHB»B(Z aB;BS!S»)0|| CH»0f OI^^B ?H0|EH 

B^«i(7)^ b^s(8)b ma oieoi x^ss^ ^xiaoi aio fflt ^ 3hAii^(c)oii chskm <y^^^^ 
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ajAII^B 4 SIE^ £101 StC|. 

9H0IIH tt$XI(7)te. ^#815 bh2f SOI XH£I^HI0I<3 (3)^21 III 3 «£ISXI2(G 3 )0II ^811= §£101212 
§x|(32)£| 2j §x|(33)0)l CHSHAHE ai/fl^B 4= SiE^ ?g£ICH SICI. 

flsi^aioiaoxjiife, n g^¥oii ?ud3xi(i3):7t ^xigoi aiaw. ?ete9xi(i3)si ^30115 zim 

xH£l§x|3| C1B22 dHx|£|0|AH =?&3\H SICK 8HS ESe#X-|£l§Xl( 1)0)1 SlOUHfe, 

4:H2| aaSXI3(6,.Q2.Q3.Q«)0l HHxl£|0| aSDI, HI 1 S HI 2 xH£l§xlS(G,,G 2 )g 
ESe&xH£l§xl(1)°| §3^0|| HI 3 XH£I§XI5(G 3 )S. 9IHIM4:E||0|£(2)OII 3D8I01 HBxl 

£101, HI 4 *l£ISxl3(G«m. 3 9 HI 01 ±¥(4)011 338101 dHxl£IOI SICI. Eel S£22AH 11^2^ 
UEftH HI 5 xH£|gx|2(G 5 )S HH3£|0II gE2 UHxl 3|^8IE^ £ICH SiCI. 

HI 1 xH£|gxl^(G,)OII5 E 20II LIEIfc« dl£l SOI. ^§f?2| riiBUi 9!|E£x-|£|§X| , OIIS SS 91101 

— m(w)oti -ai8poi-ai^-s-g -^3wet-«^fc•-•a^^s■EM»<^5*a-^l■^Il^llWll■ e^s-sesioj- 
*ai»t s^xH£isxi(i6)^i oiai¥g xiais 202s dHxiaoi aa. hi 2 xH£|§xiz(g 2 )°i s^e 

□12131X12. aiXI4:2E5§X|(17)2|, S£|X-|£I§X|(18)3| 0iai¥9 Xiai2 2B££ £JS£IO| SICI. 

HI 3 xH£ISx|5(G 3 )0llfe. 0)1 S IS E 3011 UEIfcH SOI, 5 g*g2| *JA|§EH0|| 0}m 

§i!Sxl(30), 91X14:2^:01 $||0|ffl(W)2|2| £0131 ?|SI 0|ESia§xl(31). «IO|ffl(W)2| 9\X\ 

9>SS H18I5 g£|OI212§x|(32). SIIOIIH (W)S CU3IAI3I5 ei^e!dSX|(33), 5 i* h g2| ^AlgEHOII 

we mioiusxi (34, 35,36,37)^01 oiai¥9 xiai2 otis §a 89°s ^gsoi sick 

HI 4 xH£ISxl2(G 4 )0llfe, OIIS S3 Si!§xl(40), feOia 9|0|B|(W)g »ayz*AI3lte ■ Si! 

Sxl(41), a|4:@!£§xl(42), gUSxl(43), tm0ISS»(44.45.46.47)S0l 0iai¥9 XI3I2 OIIS §0 8 
9££ 3S901 HQ. 

2!9IHI0I4:¥(4)2| ggl¥OII5 3I0IJH 3£HI(50)3| gxlEIOI SICI. 01 SIIOIIH 3£HI(50)te, HI 4 xH£| 
Sxl2(G 4 )0ll ^Slfe aj±@!d • gg§x|(41), a|^@!^§xl(42). ^3Eg&xl(51) S ESSxKEAISI 
II dtm)W CH8I01 aiAll^tt 4= SiES* ^^£101 aid. 

5 *82| 6JAISEH0II CDS miOIU§Xl(34~37,44--47)0|| CHSHAH5, 01E §xlU DI213|X|2| ^^g S 
H S13| IIHS Oil. WI0IUSxl(34)S OIIS §01 ggSICI. BII0IU§xl(34)te. E 4011 UEItS dl£l ^01 

shoiekwpi feoia oiis §s aeis^si 3ige(60)ai. m nmmi&nm as ses s§3i^ei 

519(61)21. SIEH (61)2| g£I PIDHICHOII II£|A| HI018I5 SEHI0I4=B(62)3I. PIDHI012I HICHEI£IDI 
021 CIS SE(2|S3|gxH£|2| =SSE)0m£ ffiSolfe PIDHIOIEI£IOI9 e§4=B(63)S =?ti\ 

5\H SICK 

^Se(60)0||fc. SEd!AH(64)3| ¥*l£IOI 819(61)^. ?I§&(60)U01I LflSSfc MAI Oil, SSHI 

CH¥(65)£¥EH2| SWS3CHI 2I6H Sf^&CK SE^OAH (64)fe SEHICH4=B(62)0I| §^£13, SSIHIOI 
¥(65)fe SEHICH4B(62)0II S^SCH 91Q. 3£I3 SEiOAl (64)S¥92| g^dJSOII 3IS8I01 £2 
HI 01 4B(62)0| S^ifS tfS8KH, 01 SSfSOl aaHIOI¥(65)0ll ^<M£|0|, 3 S3|, 819 (61), UOI 
PIAHfe ?iae(60)S OIIS §0I 0~350'C2| g?1U10IIAH SSA|3|E^ aoiSO. 

01 BHSOII. aiXI^SES^OII ?H0IE1(W)S OIIS SCH 200 "CS 3|gxl£l8lfe H£ltHIOI3(PREBAKE)2l, E 
SxH£|^0|| ^IOIffl(W)S OIIS SCH 90*CS 3|gxH£|8fe S^M • ™i^5I1 • WI0IB(PEB)2I, S^xH£|^ 
Oil 3IOIffl(W)S OIIS SOI 300'CS 3ISxH£l8lfe E^Md1|0|B(P0STBAKE)B, 1CH2I UH0IU3XI (34)S S 
¥ SIS 4 Slfe ?S2£ £101 sua. 

E 5fe, BII0IU§X|(34)2| HI OH 3)1 g U9Ulfe S^^EOICI. OIIS IS E 5011 U&y ti\& SOI, BIH 
SEHI014'E!-(62)OII. ^HS2 rS EJ^SPI EJ^£I2J(66)0| S^£|CH ^C|. 2J ^£I2J (66)011 3| 

^§(67)01 S^EICH SiCI. 01 Ul^g (67)011 SE40AH (64)S¥02| 2it!I(3*g2 y)S fl&el^l 
fl» EIEa!!£l2J(68)0| §^£|0| 21CI. 

3£|H. EJ^ £I2J(66)0II §^E! M3|g(69)ES¥9 £121(70.71 ,72)01 g^lSIH 9JLQ. £121(70)011 dial 
2^2?^IK75)PI, £121(71)011 3 52^2^X1(76) 31, £121(72)011 0152^21^X1(77)31 2|2| ^Xl£IOI 
SI CI. 

0121 SOI, £EHICH4B(62)2| LH¥OIIAHfe, ^HSE r2l 3^gE y2|2| A|0|2| gx| eS diai2^, 
^!?ei 01524:21 33H2J 2i£ U¥01 ?ISo|Oi, 2| fi^oj cg^X)£|g ^815 7S2S £|01 SI 
CI. 2^X1(78)31, £12! (70 - 72)01 i)#8lb 3^8(79)011 CH8I01 £I2J(80)S S8IW S^£|01 SICI. 

E&, 25^XK78)fe £121(81)8 SoH SS! HI 01 ¥(65) Oil S^£|2. 2 HI 01 ¥(65) 5= £121 (82) S SSH 81 
9(61)011 §^£101 SICI. 01 CHI EE|£|. 2| 2^2| a^xH£|2| §H|3| 3l6h§ (79)°S SthSIOI, 01 3 1 Oil 21 
^»(78)£ 311^31 S8HX1 SSfg u3| 61S£|0|. SaHI01¥(65)S S^SICf. 0IX|a|2S 
S2!HICH¥(65)£ 819 (61)011 SS8lb S^if v3| 1§£IE^ £101 SICI. 

2J^£|2J(83)S PIDHI0ini£IDI9 ^94=3(63)011 S^£|CH SICI. PIDHICHEI£I0I9 S34S(63)g, 
£121(84)011 2|oH diai2^21<yxi(75)0ll. £121(85)011 2|5H ^52^3^X1(76)011. £13(87)011 2|SH 015 
243^X1(77)011, £121(86)011 2|6H 3^X1(78)011 2|2| S^£I01 SICI. 

361011 A|g£|5 2J5AI3 T,5 ^524:3^X1(76)2. 0I5AI3 T 0 5 01524:3^X1(77)2. diaiS33|| 
4(diai3H2!)K p 5 3<^XI(78)2 2|2| ^§£101 S12DI. OIS 2| HI0|n|£|DI9B Algol 01 3<!i1xH£|3| m 
8101 5! CI. 

01 31 AH , 2| 3<^XK75~78)0||fe. 2| HI 01 III £101 9 31 4§0| 3|^3|E^ £|CH SiCI. ^. 0|£| §2 
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1, 2tS3*BMa2l ^fl££ r CHI CWB £1321 2| HI WEI- £m 1 9 2| QIOiEIS £AhoH ¥2, OIMM PIDHI 
O]^^D|E|^S^&(63)01l 3|2jA|31 tefcCL JFBSaAIOIL PIOXHI CH Hh^OI El £34>B(63)0|| 
gJ^£Fei(83)oM¥EI ^58£ gJ^£IS ( PIDHIOUft^Oia £34*B(63)0|, 01 =fi££ r CHI J\& 
6hOi ^|2{e QIOIEISOIIAI m*\S>\ 21 mo) EFafOIEiB fi!fi8K)l, ^ HIO) madias 3§8| ^SohSE^ 

aoi si a. 

3 2)011, WIOISJ§r»(34)0llt > 3I0HH(W)B BBBAIB OH Oil *IOIffl(W)B 6B8tfc 32H2J £ye!(90)0i 
^xlEJOl 2i©01 ( n§ ^^EJ(90)B, EAI8HI ^§31^011 2I6HAH, ?}flB(60)B ag»2 Sib 

BS^B(91)LHB 6&XISBJI £101 21 CL SEB ^SB(60)#0Hte f 9IIOIffl(W)B mBB(60)2| 
^¥E] SfB SOI XI XI XI 8^1 fl» n^AID|Eie(92)0| ^X|£|01 21CL 3 OH SOIL fl|0|ffl(W)2| OhSSB 
j» 3*BB(60)2| £B:N2| AhOICHI DI^S SBOI §£!£JCH, «IOIffl(W)2| OhStJBOl ^BB(60)2| 

B*8>te 21 HIB 4- 910\, 01 AhOIOfl SI XI §01 2»fc S¥01l£ 911 01 HI £| 0^201 2g£J^U, 

£&g>tu sfe boi s ch 21a. 

OIOJ-A), ■«--»«-£! A| S EH OH- CBS--ga §xl (30,40,43) 011- aSHMfc, CH i= SxlU -0tSJ|.X|.2|.. .SL- 
12 2PI DIS01L SSISxl(30)B OIIS MCH BBBCh M§Sxl(30)fc, £ 6011 UEftfl bh2f «0I 911 01 

hkwpi- *oixifc a^Bdoom, a^Bdoom ±321 ess 5§a^ aaoii^xKioDa. beioii^ 

XK 101)011 S38tfc SSfl|OI¥d02)2L 2 B HI 01 ¥( 102)011 SSfSS £6!S*0| UE|0||^XK101) 

2J ££g PI OHIO) Oil CCI-dhAH HICH8hfc SE»IOl^B(103)a. a^B(100)0|| MS £££!AH ( 104)2f , a 
stCH^OI £Jfc ^lOIHH (W)S aa|B( 100)011 SOI ^2J £££|AH( 104)011 2J6HAH Sf£! a^BdOO) 

21 s^oii jisahOL piDHioi2j hi 01 maoiag gssifc piomoimaoia es4*Bd05)e =? 
mm sua. 

PIOHICH»amiEH SS4*Bd05)S. SIIOIffl{W)B ^§2J B£^AH OIIS 12 23°CS a^xHdlB 4- SIE 

HioiBBFoiasi ^§^31 mi$= n^m nx\n 21a. 
£ 7g. aasa(30)si hioitiib uamt m^soicl 011 b §a £ 7011 uata tua- aoi, sehi 

014-3(103)^ UI3H24: B#XK106), H^»(107). Dl«fl4t H^JKIOB), B^XK109)B 1\ 

Xlffl. xc AH «9B &EHI0i4*B (62)j» DhS^XIS PIDHIOiB SfflD. *I«AIB T,' £ ^^Q^ 
a^»(107)S. 0|«A|B V g OI^Q^ H^»(108)S f tliaiS^3|l4*(biai»e!) K p ' fc BtfXI- (109) 
S 2|2| ^§£]CH 24^01, OIB 21- HIOimaoiaB AfgS^OI BtfMBPf BStOiaa. SEB, PIDHIOiW 
dmia ^S4-Ef(105)Hf S£^OAI(104)2f2J A^OIfe (110)H^ S^£J3, S£diAH ( 104)^¥El2j 3 

#£"m(2^££ y' PIDHlOl^amia £3^&(105)0II mlhxie^ aoi JiO. E, £ 5 SI £ 7§ 
Oil S51 01 At, CHSf =SB B ^P^M ^P^S^Oll CHoHAHb, §°d¥li MS^^Mi, i^gg 

3 21 OIL BBBMOOjOllt. BaOII^XK101)2| if »BA|3PI 9\m »S(111)^ BXIBD. 0| 
^^(111)^ a^B(100)LHS XI UAH, £A|8^XI a2f4Sa^l?£¥EI iSS a^ k 4^M m^Tll 81- 

sioi sua. seb, S2i wioiasxi(34)a ms^hxis 3^21 ^aaoojoi, Bg^ps(9Duis 

»SBH, a^B(100)«OII H^A|0|QB(92)0| £x|£lCH 91Q. 

DM OIL 01^31- BOI HI0iaSfl(34) SI WI0IBS«(34)S| ^B«B|*0|| S8^Xlfe 

gnsxi(30)2i srsoii a»oi a esb^mbibxkds tymoixi^ «iioiih(w)si Ese^sasi aaioii 

^IS6h01 B9BQ-. 

B», WOlffl B6»l(7)^ ^AHS(c)S¥a Diaaa 9IIOIffl(W)B ION XHLHCH , HI 3 »£I9XI3(G 8 )0I ^ 
8fe BaOIBesfxi(32)OII BSJBCL OlOiAH, BaOIHBSM(32)0IIAI %X\ S>eO| §S9 BOIffl(W) 
fe, ^B^Sx|(13)0|| 2J6HAH, OIESISSxl(31),Sg!Sfl(30), aiXI^M£SSW(15 SE^ 17)S x^Bil^ 

B*aoi. ^§2j aa:i ^Aiea. 3 uuoibbxi(34)oii B^aoi, 511x1^^^21 ssssife 
eo. 

OI^IAH, BOIffl(W)S| ^B XI £1 Oil CHoKM BBBQ. HH SEHIOI^B(62)0|| 2IB ^BB(60)2| SEBI 
CH CHI 0\o\0\ ^Sof^ , EE 5011 UEItH b^2f aoi, ^hBB (60)21 =SgE r 01 B^aB (66)011 2J8H B 
^9CL EEB, ^58E rfe PIDHIOlEI-aDI EH B 34^E+(63)01I£ 2J^£1H, 01 =fi8E r Oil J|2^0L 

pioflioiwaDia ^34-e(63)B l ^ a^»(75 -78)si 2t high maoiaB bbbq. bb, 

^BB(60)2| SSEPI- S£tf!Al(64)0ll 2J6H S#£i01, ffl = Si|£fa(68)S XIUAH S^^m(^^g£ y)J\ 
(67)011^X1 SLHSCL 01 (67)011 AH fc &OIB =fi^£ (Hi SS<ils(B^e£ y)2f2j AJOI 

01IAH ^^01 B8KMS, r Hf y)a2| AhO|2J xPf Bx^ e ^AH fchBSP-. 

OlgXI 6HAH £^ mxl e ^, dlBII^^ p, j ^ 01^^^ d2| 3^H21 ^^o^ UV01XIH, 2| 

a&(70~72)g XI U 2J- B^JK75-77)0II fiLHSP. 

at 2^XK75 - 77)01IAH^ SjfiAlB T,, DI^AIB T 0 ^2] 2| HIOHttaDIHB A^oFOI a^flBPf I^8f0^ 

M. ^3(79)011 fiUiaO. 01 ^B(79)0||A|t= «3I ^ ^^XK75-77)01|AH H**»BIB ®& 
32, DAI B^»(78)0||A| biaiS^I* K ^5HX^ 8PI2| ^(3)^^ UEILH^ £4B U D\ tf*8D. 

u = K P { e + (1/T,) ■ I e dx+ T 0 ■ de/dt } (3) 

EL r f edx j ^ Bxh e 21 *H^£^g UEfLHH, r de/dtj ^ B» e2J DI^^^M UEftiCl, 

01 £S^B u B AIB2I B^SAI ^^8f0j , AIBOH BB B^ u(t)SAI UEJ-LHB Qs2| A|(4)a BOI 
BP-. 

u(t) = K P • { e(t) + (1/T,) • Je(x) dx+ T 0 • de(t)/dt } (4) 

EL ^m, r e(t)j fc AIB toil 2^01AH2| B»B. r Je(x)dTjfc B» e2| UQLHDj , 
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r de(t)/dtj te AIB toil S» e(t)2| DI^S^M U9U!Cf. 

OISJI o[0\ 2CHa SStB u(t)fe Bte!(81)S mm S^XHICH^(65)01I HUSO. aa*llO1¥(65)0IIAi 
te, 01 u(t)0j| 3IS8J01 S^g v(t)M ^B(82)M gSH 6| EH (61) Oil 8|EI(61)0II/Hte, 

oi aes» v(t )oi! Bismol, cweafe an ^hb(»)oii 59Bct. 

OIKJI 6HAH , AIB0I to, ti, t 2 , t a -S AIB0I 3j1}B HHDta u(t 0 ). u(t,). u(t 2 ), u(t a )-« 

aa xii oj ¥(65)oii fiiom. aa«ioi¥(65)oiiAife oib ^stboii ?i£8toi aieicei)* bbais. 

?\m&(60)m 2JBBCK 3 ££&!AH(64)0il 2|oH SB£|0|. »6f ^SSE r 3f5J oisygi a 

» e Oil ?|£8t0l ^hge(60)S| g£}|- si8£ r 01 HI ^^ij XHI CH fflSKHBDK 

asoir, :^b&(60)oii gs £ soil ?i£8toi asea. £ soil Ait, 3ts*8 :?ibaizHs( 

*)]. Ails*** ^b&(60)si ^£[°c]^ maa. e soii uauib 3^n<y mi^oi, hxh 

rOI SEHIOt-frB(62)0|| EJ^SH, fllOlffl(W)^ SOIXPI a¥E) 81 El (61)011 2|B ^SOI S8KME 3hS 
- B(60)M ^SgE-^-^XI^CKAI^- t-o^tt)-. - .... 

01 01 A), 23TD(«S)2| ^IIOIIH (W)3»h ^BB(60)OII 01 9l|Olffl(W)0ll 2J6H ^BB(60)££¥EI a 

ers taH sj-oh se^ xiskaib t,~t 2 )8niB. si^^j ^ jgioi efodiepi- **§jsich 

8£»IO|^B(62)0ll/dfc, 8| El (61 )> 3S8MI SE»IOI« 4* 2^CH , 2|-BB(60)2| SES8I-S S4tB2 
£ S^3il BCh 3 ^Oil£ 8|E|(61)2| SEXIIOIB SoKX, Oi = ^ei »g^aO| gOiUXI 8*0! 
^a»(60)2| SEM &6AIBCKAIB t 2 -t 3 ). 3 ^, =5££ rM £^ #S|8hffl, 8|E| (61)21 
5f«« 2J8MI moi =fiS£ r ¥2011 ESAIBCKAIB t 3 ~t 4 ). OIBJI 6HAH , ?}BB(60)2| 
^S£E BS@Ch 

oioiAH, ^asaisoi hs&ehdi & ¥iioiffl(w)t . sasaoos b^boi. 23°c^ a^asiao. 01 
d\m. woini(w)2i a 2t*i aoii ashoi aaao. an sehiw^b(io3)oii sib a^B(ioo)si sebi 

0)^, &AH figg- SE»IOI^B(62)j» >JHJ £Ai^ tB^OIXI, 8PISI *i(5)S UEOHfc S^B u 

- oi asach 

u' = K P ' { e' + (1/T,' ) ■ I e' dx+ T D ' • de' /dt } (5) 

B, r f e' dxj fe @xf e' 2| 3M£J^§ UEfUjH, r de' /dtj b AIZJ- t Oil &OUH2] B» e' 

2| OIS^SS UEftHCf. 

oi sztg u' s Aiasi s^s/h ih-siskx , aisou as »^ u' (t)SAi uehjb aM^j M(em a 
oi so. 

u' (t)=K P - {e' (t ) + (1/T ,' )• Je # (T)dx+T 0 ' -de' (t)/dt } (6) 

B, AIS r e' (t)j A|B toil SiOIAHSI B»B. r I e' (x)dij mx[ e' 2| UEfUi 
3, r de' (t)/dtj AIB t CHI ?iO\A-\°\ e' (t)S| Dl^fl UEfyp. 

oig>ii ohah ^cna 5sr» u' (t)^ ae!(8i)s eaii aaaioi¥(io2)oii muixih, aanioi¥d02)^, 

0| £^b£ U ' (t)OII ^I^^OI a^g V (t)M £fB (82) M S6H fl E| Oil ±X[( 101)011 SSShCf. 3 £13 
■ ElOH^XKlOD^f aafB(100)« B^ffO. 

PIDXUOiH^QlEi eg^B(105)0llfe S£^Ai(104)S¥E|Si S#^^(B^^£ y' V\ S^SIH, OI 3 
y* > CHI ^IsShOf, PIDaOl IttSKllEI ^34^B(105)e, ^ B^XKIOB- 100)3 ^ HI 01 

aaaiEia «a»o. 

piDSiotnhaoiE) ^g^Bd05)oii sis spia aoi moi gsKxaa. oiib mb £ 90ii u 

BI-LHfe ZISHH nil! ^ h 0| , BXH a^»(100)S, 23TC(^S)S ^X|£IQi aiD(AIB t 0 -ti). 3 ^, 
XIBIS 9II0|EH(W)P|- kOIXIB. OI 9l|O|S|(W)0|| £JoH a^B(100)0il B90| ^Olfl ^6f2, ffl 

38£ TpOil BBCKAia t,-t 2 ). Ol^lAi, D|£| gOil 2J6H E|B^£ T p 0|| CHK a^»£iasi 3101 

B^IIM ^A^FOI ¥3, 3 &51IM BMOiAH PIDfl|Oinh£F0|E| ^3^B(105)5J 

^l^¥(£Aimj| ae)OII ^I^AI^I k^O. 3S^I 613, 9H0IIH (W)^ kOia ^Oil H|3g£ t p m 

B2£«, 3I0|IH^:>|££§ OII^S ^ SIP. IB, 01 0||*B ?IIOIfflS£0ll Q>£UH, OI5i£ D|£l 

^AhoH ^ at HIOIIIFBFOIEIB. PIDHIOimBFOlEi ^S^B(105)0| 2t B6h»(106-109)S 

«S8^| SO. 

OICHAi, a 2tB( 100)011 2IB a^XH£lfi £ 10011 D\^o\0\ fiSfiD. £ lOOIIAife, ^hS^g 
a^AIBIs], AIIS^S a^B(100)2| SE[TC]0IO. £ 10011 UBLHfe 32HM^ n5[ aoi , 9IIO|ffl(W) 

m a^Bdoooii soi *feo. snoiEUwrn a^B( 100)011 aoi *ats hh, 01 ^ioira (w)oii siohah a 

2tB( 100)01 e£6T&8t01 E|32£ T p 0il gtlie ttH , 01 E|32£ T p 0il ^|S8t«, PIDHIOI2I flOISFSfDI 
Ei£| ^§1 B3BO. 21^3 2| HlOi HfE^Dia^h ^§£|Oi 2ife e£X-ilCH^B (103)0ilAH^, ^ElOil^ 

xkioi)m ^o\n ssehioib 4^ aicH . ch^b 3faa^oi aoiuxi moi a^Bdoog a 

SEg H8JAIS 4= 2iO(AIB t 2 -t 3 ). 3 ¥, tihRB£ T 8 0il BEI Oil 4i»( 101)011 2|B aB^S 

g ^ k o^i o\o\ aztBdoo)^ ^aibckaib t 3 -t 4 ). oi^^i ohah, a 2fB( 100)21 23 

oioiAi, aztaaaoi ^soi a ^ioiiti(w)^, ai^aas»(33) P ^s^ssxksd, icS9xi(£Ai8^i 
sm). mioias»(34) f Bssawo), e^aasxi (16 se^ is), wioias«(34). sasaoojs » 

ttil0IUSxl(34)0il SiOIAlfe, in^^, SE^ e^^Sj ^a«EI01IA|£, 3^2J ^agE r0| BSEHi 
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01 4* B (62) Oil gJ^go^AM, 5ilXi^M£5^2| 3^xHE|2f DhSJUIS S8 EI^WEI E|gjo^ 
313B(60)2| ££M ^5g£ B§ AIBCL SEB g§9xl(30)0ll 21CH AH^ , S^M • ^±SXI • tHI 
013 *. SEfer 5±Mtfl|0|3 ^2j a^xHE|0i!AH£, HI3SE T p § ^Oi LH CH , *EIUilO|H *2| a^t 

xHE|A|2f DFS^XIS SS BI^Wa-EfSSS a^B(100)2| ££g 23'CM B9AI2JCK 

OIEHB WIOI£I9»(34)OII 2|5>H, PIDSIOiKEfOIEI B34*B(63)0II 2I6HAH, QB SSEOm PIDXJI0i2| ^ 
XII 01 EhEfOIE12j ^§1 B3 8PI OISOII. ££XIIOi^B(62)E, afS^BSSOII CHSStOI 3 3 SMI S£ 

»iois ^ sia. eq-ei-a) , ?iioiffl(w)a ^hxheib oh 21 g£oii 9»stoi, as^oi JH^aoi, zww 
ei eism 4* sick oa/d, xHEimeoi »9BO. eb, SES10121 Bggoi g^w, 91101 
m(w)M sa»5ii iJtflstoi blh^ij^m b9aiu ^ aia. 

se, sa 9»(30)oii 2i«hB, a 2101901 9Hoiih(w)> a^BOoowi so) ^21 Eias£ t p 

Oil 3|£»0| PI DM 01 21 2| XHICH E^0|EH2| ^§1 ^gi 4- 5U3I HHSOII, aztB(100)0|| &0\m CH2J 
«IOIfflS£S| OloKMI 9BB0J., &£fllOi4*B(103)S, I* ElOil^XK 101 )2| S£, UOPMdte a^BOOO) 

2j s£B ii^as xii oi & 4= aiD. nam a^a'&oT at flora iwpt oiisb B£~2i"2j~B£orcH" 

99 2«g& HICHEf£fD|E|5K)||A| 11^25 a^» 4^ 21 Ck (HEhAH, 31 01 Ei 2^1 ££011 9BH 

oi, as^^oi JH^aoi, eli 3H tH e-i Ef^e b^s 4- ao. n ia, xheism^ 

SB S£«I0|^B(62, 103)011 3^S±U D|«fl±WXI» 3HDIB PIDXIIOig XHS6H2 2131 OHSOII . 94 
a»(2HA||E)u g^j^lgOl fitJQISOI. fiCf 9BE3I- ££XI|Oi§ gf 4* 

se, £sb9xhei 9x1 (1)21 ^ioiih(w)2) y^ggfe, nswi «9B 4= sin. 

WI0I99M(35~37.44~47)S 2tS?tfl*iaiB So^U, 399*1(40.43)^ 2fS a^xHEIg SSFfe 5! 
01 PffeSO. SB, 3|BS. 931 ?IIO|E|(W)2f 1^ BBS 9BB OHIBf, LCD3|BEf US AW«2| D\ 
B0|E*£ »Q. 

qsoii. s »S2i ^ai^ehoii ca^ mioia9xi(34)s A^gmoi 3ioim(w)2i j\mz-\z\m mi&m 021, 

2J- H 01 lit &} 01 El 2} E|?itHEI Efgj 9£ SLH^i^ §£J ^£011 SAI-fi ^EFM Om0\\ 3|^&Ck 

m 01 S 9X| (34) Oil 210UH, M@ 1011/Hfc, K p =2.8, T,=80. T D =15^ 2* XllOi HhS*0| EH » ^SO, HH@ 2CHI 
AHfer, K p = 2.8, Ti=80, T 0 =7^ 2|- XHICH nt£tQIEIB iiO, HH & 3 Oil AH fe, K p =4.0, T,=49, T 0 =12^ ^ 
XHICH HhdhOIEHM «95F01 ^hSxHSIM SShaO. 0I> HHS 1-3011 S^OiAH, ^BB(60)2| g£S 90 W C . 
120°C, 150°C, 180°C^ x^l^ £l^tH£IEfgj, fibl^lf, 3FSB(60)2| ^LH^g^ S 911 01 

EH(W)2J 2LH5^^°i ^^01 Oig^il ^SfSfeXIS SM8haO. 31 £ 11 ~ 180fl UEFfcB 

a. 

£ 11 S E 12b dl^Wdi ^1, £ 13 £ 14b £W^fM^2i ^^S, £ 15 BJ £ 16£ 

3I0IEH(W)2J SLH^^^2J ^^g, £ 17 §y £ 18£ ^fSB(60)2J 2L4i^^^°i mgm 2*2* UEIU1 S 
^ 3£HH0|Cf. £ 12^2] 3£UM£! a1, £ 14g2J 3BHH<M a2, £ 16^2] 3EHH^ a3. £ 18^2] H 
diM<M a4b, ME! 10j| AH 2j a^2fo| Lj-Ef LHH 2iEK £ 12^2J HBHHd b1, £ 14^2J 3£H°^ 

b2, £ 16^21 HBHHd b3, £ 18§2J USHHd b4b, 2 Oil AH 2J ^^oj m % m UEHJIH £ 

12^2] 3eHH<y c1, £ 14§2J HeH^^ c2, £ 16^2j ZI£HH<m c3, £ 18S2I 3£H°^ c4b, SHB 3 
0i|AH2| 2f2^s| UEHJjI »0. 

OIEHB WIOI^J 9x1(34) Oil AH b, ffl© 1~3M PIDXilOiE^miE) H 94=3(63) Oil ^I^AI^ ^bD. 

oils mo\ =s^e roi i20°ca toi oil b nH§i ion oa/d, ^fl8£ roi i80°c^ coioiib mie 20ii coy 

AH, PIDXHIOtUhdhOIEH Ha^B(63)0l, S£BI0)4'B(62)2| ^ XHI CH m-E-hOI EH S tfSBD. ZIS^I 6fH. 
^S8£ rOI 120°C^ CDiOilb, E|3HtHE| EfgjM 30^, £tH^?MM 0.2*0, ¥l|0|fflBW2| ^£2J g2i 3 
o(fi^Bx^ o2J 3dH)M 0.85°C, PtSB(60)2| S£2J If 3a(S^Bx^ a2J 3HH)M 0.26*0^ ^1^1 
^Xiiam, =5££ rOI 180°C^ EHOilb, E|3HtHEI E[gJM 44s, £W4fMS 0.5°C, ?IIO|nHeUi2| ^£ 
21 3a(H^Bxh a2j 3UH)S 1.63°C, 5h^B(60)2| ££2j m^m 3a(H^Bxh a2| 3bH)M 

0.77°C^ ^ Siflltt 4^ Bffl g£HI0j^E+(62)2J ^ XHIOim^DIEHS flH& 1 CHI AH H96H WEI 

B, ^fiSE rOI 180°C^ HHOIIb, El^bHEl E|gJO| 613^ S\0\ bH&Ef. OI2f 301 . =5SE r CHI DO 
El- AH 2f XilOiEhEmiEiM BSBSSMI, El^tHEl EfS , 9II0|EH(W)2| BUi5^^ M2| SlofPil 
6fe 21 4^ 2iCf. 

aSOIL S »82| ^AI^EHOil {L\B gH9x|(30)S A^g6h01 «IOIffl(W)2| a^xHEIS m\0\, El^iWEI 
&S2| ^^Oil DiohOl sMmaa. 

a^xHE|2| XHI 1 ^AIOIISAH, ?l|0|EHs^|g£^^ XHS9^(90t; f 120t))0ilAH2J EI^WEI EISi 
D. SEB. 521 0|o^2f ^01 «96faa. ^?1^£M 23r, a^4^^e 3E|Ei/min, H^AIOIEI 
0.10m, WI0IS9x|(34)^¥Ei ^9x1(30)^ B^Sfe Ql CHI ^Elb B^AIBS 6S, ^ XHICH mEfOlEi 
• K P =2, A=0.8, T,=5, T 0 =1^ tfgCUl, a^SE^ 15TC2I- 25 0 ca! CCH2J 2^H2| ^ilOI^Oil CH8K)| ^A^ 

sfaa. n ^nm £ 19011 UEftna. oi^iah, a^, ^se^s ^^rn^ii sfe ^?im B9mo* 
oi^oii axiopi ab 94-oia. &?ib, [*c]oia. 

£ 19011 UEffcfi SOI, 93121 2| XilOiUfEmiEHM flSBSSMI. 91101 EH^3| S£3|- 

XHSS«(90°C,120 Q C)OilAH2| EI31WEI EfgJS 30^ 01 8^ B^S 4=31- 

£B, a^xHE|2J M 2 ^AIOIIMAH, 2|- XHI OH ^ BhOI Ei2J ^§1 K p =2, A=1, T,=5, T 0 =2^ W0| 
m^\B^D[ 90°C, 120*C, 1501C, 200 c C0ilAi2| El^hHEl EISM ^96^Cf. Zl £ 20011 UEfy! 

P. 

£ 2ooii u&a b^2i aoi, 93121 ^ »iotmaoiEi» ^§&2^mi, ei^wei Eigje 4^ 

01IM mO\, %\0\W^\£^J\ 90°C, 120TCS [EH Oil HI 1 «A|0I|2| 2| fl|OjEfEfQ|E)2| ^§2^ g £fl | 
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0\M S8K2. ?IIO|E|27|gE7> 150"C, 200"CgJ (DIOIIfe, HI 2 4JA|01I°I 2} fl|0m£10|E|2| g§°g S 
EfllCMS IS 8)2! SQ. 01 CHI W5}, 3IOIIH£7|gE0|| OiOtM £l?1bH£l &S°J B^S E2B ^ 

se&. 3ioim^7ieE7> 200*0. 250'ca w°i mass t p si mass t p chi e&s^ 01011 t*£ife Eg 

£ lOOIIAHfe, AIZJ t ,~t 2 0)l 4£f)g ^SSfSQ. 3 1M £ 21011 UEtyot. 

e 210)1 UEftii t^a- soi, mass t p a ?iioims?isE2i2) a^is Bgn. oisig pidxiioi m 
£mi a S34*B( 105)011 7ieiAi3i g^cf. y^x-)£iAioii, mass t p ^¥ei oii*§h flioiffls^iSEOii 
msiM. m^si 2* momyoiag ass 4= sia. mm, esai^si emiE 7ieiAi5i *ohE wq. 

— s- a-goii 2H$i-eb-3i-&s-3KS»ai-a- an°i seoii 4Bstoi -.-aE^&oi-JHaEioi . -si^mai- Efgjg-s 

S*» 4= SICK H §2K xl£lsgg &4AIU 4= SICK SEff. SEX1ICH2) B440I §:>)8f0i, 7IBg 
2 ^8^1 7(81 8hOI aiH21J£§ §?4A!7i;= 3301 7Hs8hD. §4exK2HA-1IM)U S3 2 §01 ^XHIEl 
CH, Sa 4iJE7|- feS gEXIICHS Htt 4- StCL 

& ggOII °|3h£, y^BOII gOli! M2| 7IB£E°) 0(8(011 4B2JOI, UfE^^OI :>H£!aCH, £4 SE 
SHIS ysfff ttHSI £| bH 5.1 ElSg B^S 4= SICK IfEfAH , XH£|Sgg S4AIIJ 4= 
44fixK2HAH = ) MOI 2jX1l£l01, SO SiJEm MS eEfllOiS Slf 4= sia. 

s?» 1 

7|&g 7)§XH£|8)i= Sxl^AH, 

7ieoi gaxife 

471 SEfi S&S4*0II OE.IAH HICHSfe SEfllOi^BalL 

471 sg&4=si moinh£miE)°i Mmm 471 cn ssom egsfb HiwroemiH e§4&i ^ms) 

H Site 718 XI SI 3X1. 
S^S 2 

7ie§ 7hgxH£| Shfe 4 XIS A), 
7IB0I g01£! 7HJ&JJJ, 

471 7)§Bg SES 7hS7}g& SSXII2I-, 

471 tta»isi g£i asi^ (i)g u&ui^ ag»4*oii 0£UH sio)»t sehio^Bjik 

471 Sgt42| fl|0im£f0|6|gS| HI 311 gSf 7|| 4=. 3SAI2! Efer DISAIZIgSI. 3CHE 01E 8H4°| M 

mm 47i as SEom esshb men n^oigeg^BS ^uism sife 7)gxH£i4xi. 

u = Kp { e + ( 1/T , ) ■ I e dt + T D • de/dt } ( 1 ) 

{&0 i!§, ufe SSfif, efe S», K p fe U|eil§5[7||4=(Hiai 7)12!). T.fe ^gAIZ}, T D fe DISAI^S ^ 
3 

7IBS a2txH£l8hfe SxISAH, 
7IB0I *0|^ SZtfiKDK 

471 a^BS g££ Sgohfe a^SE54HI21, 

471 a^SE5S»2| SEM SBS^OII tU£fAH XHOjste SEfflOI^BjJ, 

471 <£21&0\\ SEaiAHSI, 

^2101401 gfe 7i eg 471 yjzmoii sjoi ^s *°i 471 se^jaioii sjshah yzresi seoii 

7ISSKX. 471 Sg&^SI XilOi Eh£miEH°l iS§ B3§lb SIO)»SfaiEI6aa4»Bg =?tiio[Jl 9JL^ y 
2txH£l4xl. 

4 

7|Bg ysfxH£l8hfe SxISAH, 
7IB0I gOIXIfe y^BEl, 

471 yaiffg 4:§2j 2&§8fe y2fSE2E§Xlia. 

471 y^SESSXIISI EES dm (2)^ UEIUI^ SBB^OII W&M XllOISfe SEI||0)4=B 

a. 
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HD\ *£2i&m tuns gE4fl/H3. 

azicii^oi sife D\&m &d\ yamoa sen *ei &d\ gEdiAHoii sishah yamai seoii 
^isshoi, sb»4»2| aioini-efDiEigfii biaigzwi^. ^saizi se^ oisai^ssi *ioi£ chj= 
sm°i sm°i §§§ sa§fe aioimemiEt astern ^dism sife ya**i£i§*i. 

u' = K P ' { e' + (1/T ) • le' dt + T 0 ' • de' /dt } (2) 

{^s. u' fe £^§f. e' B». Kp' HieHS^5)l4-(diai 3)1 2i), T,' fcr 3SAI21. T 0 ' DISAIZJ 
S 2|2} UEffcHCf} 

5 

3i»s yateoii aoj am, 6ns yatesi se§ sbs^oii w&m x\mw 6H& :>iee ±§sj s 

_£g. y.2txH.£i.§te..gf.ass.Ai.... 

j\&m a=*eou soi ^ats rasi, 01 ^iboii sishah 401 yzieoi s&^sia mass 

Oil OH 2| SHS EI3SS0II 3>ls8IOt, £PI Sg&4»°l J9IOHttSfQ|E|S| g§g eggfe S§§ 

g^tf 6 

31 BS a2fxH£ISfe gJgoSAH, 

j\mm yzmoii sen fefe 5§a, 

&^i yat&si sei as (2)s uamt sb»*oii ce^ah moism, j\&m ±§21 ses 

4,01 3ies 4,01 yztsoii sjch fe^s hhsj. 01 ui&chi sjshah #51 yamoi SEy^aoi eibse 
011 smss an si shs hihssoii pisskm. 4^1 sbb^si moinisioiEigsi uias^i4>. mtM 

ataaiaei. 

u' = Kp' { e' + (1/T,' ) • Je' dt + To' ■ de' /dt } (2) 

{she ^g, u- t s^ir, e' b a», Kp- uien§stfi^(uiai aien, t,' s ^saizi, t 0 - t di» 



1 




8 16 Gi 18 G2 
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